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PATENT APPLICATION IN THE U.S. PATENT AND TRADEMARK OFFICE 
for 

SENSOR SUBSTRATE AND METHOD OF FABRICATING SAME 
by 

SHAUN PENDO, RAJIV SHAH, EDWARD CHERNOFF 

CROSS-REFERENCE TO RELATED APPLICATIONS 

Embodiments of the present invention claim priority from a U.S. Provisional 
Application entitled "Sensor Substrate and Method of Fabricating Same," Serial No. 
60/318,055, filed September 7, 2001, the contents of which are incorporated by reference 
herein. 

BACKGROUND 

1 . Field of the Invention 

The present invention relates to the field of sensor technology and, in particular, to the 
formation of hermetically sealed substrates used for sensing a variety of parameters, including 
physiological parameters. 

2. Description of Related Art 

The combination of biosensors and microelectronics has resulted in the availability of 
portable diagnostic medical equipment that has improved the quality of life for countless 
people. Many people suffering from disease or disability who, in the past, were forced to 
make routine visits to a hospital or doctor's office for diagnostic testing currently perform 
diagnostic testing on themselves in the comfort of their own homes using equipment with 
accuracy to rival laboratory equipment. r * . 

Nonetheless, challenges in the biosensing field have remained. For example, although 
many diabetics currently utilize diagnostic medical equipment in the comfort of their own 
homes, the vast majority of such devices still require diabetics to draw their own blood and 
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inject their own insulin. Drawing blood typically requires pricking a finger. For someone 
who is diagnosed with diabetes at an early age, the number of self-induced finger pricks over 
the course of a lifetime could easily reach into the tens of thousands. In addition, the number 
of insulin injections may also reach into tens of thousands. Under any circumstances, drawing 
5 blood and injecting insulin thousands of times is invasive and inconvenient at best and most 
likely painful and emotionally debilitating. 

Some medical conditions have been amenable to automated, implantable sensing. For 
example, thousands of people with heart conditions have had pacemakers or defibrillators 
implanted into their bodies that utilize sensors for monitoring the oxygen content of their 
10 blood. Ideally, these sensors should be able to determine whether, for example, a person's 
K heart is running very efficiently at a high heart rate or whether a person's heart has entered 
I defibrillation. In order to effectively make this determination, an accurate sensor must be 
I employed. Unfortunately, oxygen sensors implanted into the body have, thus far, typically 
■j required frequent and periodic checking and recalibration. In fact, one of the "holy grails" of 
B the pacemaker industry has been an accurate, no drift, no calibration oxygen sensor. Up until 
now, such a sensor has been unavailable. 

An ideal solution to the diagnostic requirements of those with disease or disability, 
absent an outright cure, is a sensor system that may be implanted into the body and that may 
remain in the body for extended periods of time without the need to reset or recalibrate the 
20 sensor. Regardless of the particular application for such a sensor system, in order to effect 
such a system the associated sensor must remain accurate, exhibit low drift and require no 
recalibration for extended periods of time. Such a system would typically require a sensor to 
be located in close proximity to sensing electronics in order to maintain the required 
characteristics. 

25 However, attempts to place sensor electronics in close proximity to the sensor in 

implantable sensor systems have historically suffered from the environment in which they 
operate. For example, in an implantable sensor system for diabetics, a sensor is needed to 
detect an amount of glucose in the blood. Consequently, the sensor must be implanted within 
the body in such a manner that it comes into direct contact with the blood. However, in order 

30 to place the sensor electronics in such a system in close proximity to the sensor, the sensor 
electronics themselves must be placed into the blood as well. This poses obvious dangers for 
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the sensor electronics. The sensor electronics must remain in electrical contact with the 
sensor; however, any exposure of the sensor electronics to the blood or any other fluid would 
potentially short circuit the sensor electronics and destroy the entire system. 

Thus, an ideal implantable sensor system would provide for a sensor to be in close 
5 proximity to sensor electronics while also providing hermeticity between the sensor, which 
may be exposed to fluids, and the sensor electronics, which must remain free from short 
circuiting fluids. In addition, the required hermeticity must be maintained over the life of the 
sensing system. The present invention provides such a system. 

10 SUMMARY OF THE DISCLOSURE 

S Embodiments of the present invention relate to sensor substrates and methods and 

I systems for fabricating sensor substrates. According to embodiments of the present invention, 

I a sensing apparatus may include a substrate having a first side for a sensing element and a 

I second side for electronics. The sensing apparatus may also include a via or vias that make 

p electrical contact from the first side of the substrate to the second side of the substrate. 

Additionally, the vias may be hermetically sealed from the first side of the substrate to the 
second side of the substrate. 

According to another embodiment of the present invention, a sensing apparatus may 
includea substrate having a first area for a sensing element and a second area for electronics. 
20 The sensing apparatus may also include one or more vias making electrical contact from the 
first area of the substrate to the second area of the substrate. The via may be hermetically 
sealed from the first area of the substrate to the second area of the substrate and may be filled 
with a conductive material. 

The via of the sensing apparatus may also be filled with a conductive material. The 
25 conductive material may be a fritted or fritless ink such as gold or platinum paste. The via 

may be covered by a cap made from alumina and deposited using an ion beam assist deposition 
process. 

The substrate may be a ceramic such as substantially 92% -96% alumina. If desired, 
the substrate may be annealed. 
30 A side of the substrate may be covered with a lid. The lid may be made of a metal 

such as gold. 
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According to an embodiment of the present invention, a method of forming an 
hermetically sealed substrate may include obtaining a substrate material; forming a via or vias 
from a first side of the substrate to a second side of the substrate; and filling the vias with a 
conductive material such that an hermetic seal forms between the first side of the substrate and 
the second side of the substrate. 

The vias may be formed by laser drilling through the substrate. The substrate may be 
annealed after laser drilling. 

The vias may be filled by placing a screen or a stencil on a surface of the substrate; 
pushing the conductive material through the screen such that the conductive material proceeds 
into the via; and pulling a vacuum on a side of the substrate opposite the side on which the 
conductive material has been pushed into the via such that the conductive material coats a wall 
of the via. Also, a meniscus may be formed that may also be filled. The meniscus may be 
filled by putting the substrate into a vacuum; printing a conductive material into the meniscus; 
and venting the substrate to atmosphere. After filling the meniscus the substrate may be 
annealed. 

m. In addition, pillars may be deposited on top of the vias. Depositing pillars on top of 

I! the vias may include affixing a mask to the substrate; depositing a metal on top of the mask; 
H removing the mask after depositing the metal; and coating the substrate with a ceramic. The 
■I metal may be dissolved after the substrate has been coated with the ceramic. The ceramic 
20 coating may be shorter than the pillar. 

The via may be covered with a cap. The via may be covered with the cap using an ion 
beam assist deposition process. 

These and other objects, features, and advantages of embodiments of the invention will 
be apparent to those skilled in the art from the following detailed description of embodiments 
25 of the invention when read with the drawings and appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of a generalized substrate configuration according to an 
embodiment of the present invention. 
30 FIG. 2A is a cut-away view of vias extending through a substrate according to an 

embodiment of the present invention. 
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FIG. 2B is a top view of a via arrangement on a substrate according to an embodiment 
of the present invention. 

FIG. 3 is a flow diagram of a generalized process for fabricating a sensor substrate 
according to an embodiment of the present invention. 
5 FIG. 4 is a flow diagram of a more detailed process for fabricating a sensor substrate 

according to an embodiment of the present invention. 

FIG. 5 is a flow diagram of a process for filling vias with a filler according to an 
embodiment of the present invention. 

FIG. 6 A is a cut-away view of a filled via according to an embodiment of the present 
10 invention. 

tj£. FIG. 6B is a cut-away view of a filled via and a filled meniscus according to an 

I embodiment of the present invention. 

■ FIG. 7 is a flow diagram for filling a meniscus according to an embodiment of the 

B present invention. 

K FIG. 8 is a cut-away view of a hermetically filled via with excess filler from a via and 

m a meniscus lapped off according to an embodiment of the present invention. 
H FIG. 9 is a flow diagram of a process for preparing one side of a substrate to accept an 

■I IC and another side to accept a sensing element according an embodiment of the present 
H invention. 

20 FIG. 10A is a perspective view of a substrate with aluminum pillars formed on top of 

vias according to an embodiment of the present invention. 

FIG. 1 0B is a perspective view of a substrate with aluminum pillars formed on top of 
vias coated with an alumina coating according to an embodiment of the present invention. 

FIG. 1 1 is a perspective view of a photoresist corresponding to an electrode pattern 
25 according to an embodiment of the invention. 

FIG. 12 is a flow diagram of a process for affixing an IC to an electronics side of a 
substrate according to an embodiment of the present invention. 

FIG. 13 is a flow diagram of a process for forming a lid according to an embodiment 
of the present invention. 

30 FIG. 14 is a flow diagram of a process for performing a gross leak test according to an 

embodiment of the present invention. 
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FIG. 15 is a flow diagram of a process for electroplating and coating the substrate 
according to an embodiment of the present invention. 

FIG. 16 is a perspective view of a finally assembled sensor substrate according to an 
embodiment of the invention. 
5 FIG. 17 is a flow diagram of a generalized process for fabricating a sensor substrate 

according to an embodiment of the present invention. 

DETAILED DESCRIPTION 
In the following description of preferred embodiments, reference is made to the 
10 accompanying drawings which form a part hereof, and in which are shown by way of 

(J illustration specific embodiments in which the invention may be practiced. It is to be 
[ understood that other embodiments may be utilized and structural changes may be made 
I without departing from the scope of the preferred embodiments of the present invention. 
I FIG. 1 shows a generalized substrate configuration according to an embodiment of the 

5 present invention. A sensor 10 has a sensing element side 12 of a substrate 16 on which a 

Ibiosensing element, physiological parameter sensing element or other sensing element may be 
affixed. The sensor 10 also has an electronics side 14 of the substrate 16 on which electronics 
may be affixed for processing signals generated by the sensing element. 
The sensing element side 12 may support any of a variety of sensing elements. For 
20 example, the sensing element may be a glucose sensor utilizing a glucose oxidase enzyme as a 
catalyst. Alternatively, the sensing element may be an oxygen sensor or may include a 
plurality of sensing element. 

The electronics side 14 may support a variety of electronic circuits. According to one 
embodiment of the invention, the electronics side 14 of the substrate 16 may support an 
25 application specific integrated circuit (ASIC) containing data acquisition circuitry. Thus, 
analog signals received from the sensing element on the sensing element side 12 of the 
substrate 16 may be digitized by the ASIC on the electronics side 14 of the substrate 16. By 
positioning digitizing and other electronics close to the source of the analog signals and 
avoiding long cables along which signals are typically sent to be digitized, noise levels, offsets 
30 and signal loss are reduced. As a result, accuracy and reliability of the device is increased. In 
addition, once the signals have been digitized by the electronics on the electronics side 14 of 
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the substrate 16, they may be sent to other devices for operation or other processing in discrete 
form rather than analog form, resulting in improved leakage, drift and other characteristics. 

Extending from the sensing element side 12 of the substrate 16 to the electronics side 
14 of the substrate 16 are vias 18. As shown in FIG. 2 A, the vias 18 are pathways through 
5 the body of the substrate 16 that allow for electrical contact between an array of electrodes or 
other electrical contacts reacting with the sensing element on the sensing element side 12 of the 
substrate 16 and electronics on the electronics side 14 of the substrate 16. 

The vias 18 may be arranged in a variety of fashions. A via arrangement for one 
sensing element according to one embodiment of the present invention may be seen in FIG. 
10 2B. The via arrangement shown in FIG. 2B may correspond to electrodes that interact with an 
It enzyme used as a catalyst in the sensing element. A first via 18a and a second via 18b 
If correspond to a first working electrode and a first counter electrode. A third via 18c and a 

■ fourth via 18d correspond to a second working electrode and a second counter electrode. A 
I fifth via 18e corresponds to a reference electrode. Electrodes will line up with the vias 18 
13 using a process to be described below. 

H The generalized substrate configuration of electronics adjacent to a sensing element on 

H opposite sides of the substrate 16 and the resulting ability to output discrete signals rather than 

■ analog signals from the sensor results in a stable device. Sensor electrode output drift of less 
Hi than 5% over periods of one year or more may be possible using embodiments of the present 
20 invention. With such a low drift specification, replacement or calibration intervals may be 

greatly reduced, allowing embodiments of the present invention to be implanted into a human 

body for extended periods of time. 

The generalized substrate configuration shown in FIG. 1 benefits from 

processes according to embodiments of the present invention, to be described below, that 
25 result in hermeticity between the sensing element side 12 of the substrate 16 and the 

electronics side 14 of the substrate 16. According to embodiments of the present invention, 

hermeticities corresponding to a helium leak rate of 1 x 10" 8 cc/sec at 1 atmosphere over a 

three year period may be obtained. 

In addition, according to embodiments of the present invention, the sensor 10 may be 
30 implanted into the human body, residing in a vein or artery. In addition, the sensing element 

side 12 of the substrate 16 may be exposed to fluids, such as, for example, blood. In this type 
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of use, should the fluids infiltrate the electronics on the electronics side 14 of the substrate 16, 
the fluids would destroy the electronics and render the device useless. However, because the 
electronics side 14 of the substrate 16 may be hermetically sealed from the sensing element 
side 12 of the substrate using processes according to embodiments of the present invention to 
5 be described below, electronics may be place directly on the electronics side 14 of the 

substrate 16 without exposure to fluids or other elements encountered by the sensing element 
that may damage the electronics. 

The substrate 16 may be fabricated from a variety of materials. According to one 
embodiment of the present invention, the substrate 16 may be fabricated from ceramic. For 

10 example, the substrate 16 may be fabricated using a pressed ceramic slurry in tape form, 

Ij which is widely available commercially. Also according to one embodiment of the invention, 
If a substrate of 92% -96% alumina (AI2O3) is used. The substrate material may be bought in 

11 sheet form, which may be flexible or rigid. 

H The substrate 16 may take a variety of forms and may be structured in a variety of 

|5 ways in addition to the configuration shown in FIG. 1. For example, according to one 

I embodiment of the invention the substrate 16 may have more than two sides on which one or 
more sensing elements or electronics may be placed. The substrate 16 may be a multisurface 
device with sensing elements and electronics on any of multiple surfaces and having multiple 
vias extending in a variety of geometries to effect electrical contact between surfaces. 
20 In another embodiment of the invention one or more sensing elements and electronics 

may be on the same side of the substrate 16. The vias 18 may be arranged accordingly to 
effect electrical contact between one or more sensing elements and electronics, irrespective of 
the position of a sensing element and electronics on the substrate 16. 

FIG. 3 shows a generalized process for fabricating a sensor substrate according to an 
25 embodiment of the present invention. Substrate material is obtained at step 20. At step 22, 
vias are formed in the substrate such that a hollow path is created from one side of the 
substrate to another. At step 24, the vias are filled with a material that is electrically 
conductive such that electrical continuity exists between one side of the substrate and another. 
In addition, the vias are filled such that a hermetic seal exists between one side of the substrate 
30 and another. At step 26, conductive layers are deposited onto each side of the substrate that 
make electrical contact with the vias. At step 28, electronics are placed on one side of the 
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substrate and a sensing element is placed on another side of the substrate, both being placed in 
such a manner that they make the desired contact with the conductive layers. 

FIG. 4 shows a more detailed process for fabricating a sensor substrate according to an 
embodiment of the present invention. Although the process detailed in FIG. 4 refers to a 
substrate, it is to be understood that the process may be applied to a plurality of substrates 
formed from a single board of substrate material. 

A variety of fabrication techniques may be used during the fabrication of the sensor 
substrate. For example, either thin film or thick film fabrication technologies may be used. 
The generalized process shown in FIG. 4 is for purposes of illustration only, and should not 
limit embodiments of the invention in any way. 

Substrate material is obtained at step 30. As stated previously, according to a typical 
embodiment of the present invention, a 92%-96% alumina substrate (AI2O3) may be used. 
Alumina is widely used in the microelectronics industry and is available from many resources. 
For example, a 96% alumina substrate may be purchased from COORS, INC. 

Although 99.6% alumina is typical in electrode based sensor applications because of its 
purity, which typically results in enhanced device resistance, 92% -96% alumina may be used 
for embodiments of the present invention for enhanced performance during annealing and 
testing processes of embodiments of the present invention. On a substrate of greater than 96% 
alumina cracks resulting from laser drilling of the vias will not anneal as well as 92% -96% 
alumina. 

A substrate of less than 92% alumina typically has a surface with increased roughness 
and granularity, making it difficult to print on and seal. In addition, testing of a substrate of 
less than 92% alumina may be difficult because the substrate surface may absorb helium used 
during leak detection and may be more susceptible to corrosion. Moreover, a substrate of less 
than 92% alumina is typically darker than 92% -96% alumina and may affect photolithography 
processes used in embodiments of the present invention. 

At step 32, vias are formed in the surface of the substrate such that a hollow path is 
created from one side of the substrate to another. The vias may be laser drilled, punched or 
formed in other manners that are common in the industry. 

At step 34, the substrate may be annealed. If the process used for forming vias results 
in cracks on the surface of or within the body of the substrate, annealing of the substrate may 
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be required to mend such cracks. According to one embodiment of the present invention, the 
substrate is annealed at approximately 1200 C for approximately 16 hours. If the process used 
for forming vias does not result in cracks on the surface of or within the body of the substrate 
and hermeticity from one side of the substrate to another is possible without annealing, the 
annealing step may be avoided. 

The vias are filled at step 36. The vias may be filled with any electrically conductive 
material that can be packed densely enough to provide hermeticity from one side of the 
substrate to another. The filler should be electrically conductive so that an electrically 
conductive path is formed from one side of the substrate to another, allowing electrical contact 
between components on each side of the substrate, such as, for example, sensor electrodes on 
one side of the substrate and electronic circuitry on another side. 

According to one embodiment of the present invention, the vias may be filled with an 
electrically conductive filler. For example, the vias may be filled with a fritted or fritless ink, 
such as a gold or a platinum paste. Fritless ink is generally more desirable than fritted ink in 
this application because fritted ink typically comprises too many fillers and particulates to 
facilitate the formation of a densely packed via. In order to provide the hermeticity required 
from one side of the substrate to another, the filling of the via must be such that voids or gaps 
that would support the development of moisture do not exist within the material used to fill the 



According to one embodiment of the present invention, a 96% alumina substrate, 
which may be purchased off the shelf from a variety of manufacturers, such as COORS, INC., 
may be filled with a gold paste. If another type of substrate is used, such as, for example, a 
92% alumina substrate which may be custom made, the substrate may be purchased with the 
vias already filled with a filler, such as for example, platinum paste. 
25 A process of filling vias with a filler according to an embodiment of the present 

invention is shown in FIG. 5. At step 42, a screen with a via pattern may be placed on top of 
the surface of the substrate. A stencil may also be used. At step 44, a filler, such as fritless 
ink, may be pushed through the screen into the via in a "squeegee" fashion. At step 46, a 
vacuum is pulled on a side of the substrate opposite the side on which the filler has been 
30 pushed into the via such that the filler coats the walls of the via. Filling vias in a vacuum 
facilitates intimate contact with surfaces and dense packing. 
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After the filler has coated the walls of the via in step 46, the substrate is fired in step 
48 so that the filler is hardened, i.e., it becomes solid. At step 50, the via is checked to see if 
it is completely plugged. If the via is completely plugged, the process of filling the via 
according to an embodiment of the present invention is complete. If the via is not completely 
5 plugged, steps 42-48 may be repeated as many times as is necessary until the via is completely 
plugged with the filler. 

A via 18 filled according to the process of FIG. 5 may be seen in FIG. 6A. A 
substrate 16 containing a via 18 has been filled with a filler 60. Successive applications of the 
filler 60 results in layers of the filler 60 extending throughout the hollow area of the via 18 
10 until the filler 60 plugs the via 18 and eliminates any pathway from one side of the substrate 
m 16 to another. A meniscus 62 typically forms on either side of the via 18 after the via 18 has 
K been filled with the filler 60. 

H Returning to FIG. 4, the meniscus 62 that typically forms during the filling of the vias 

■| 18 may be filled at step 38. The meniscus 62 may be filled with the same filler 60 that was 
jP used to plug the vias 18. 

I FIG. 7 shows a process for filling the meniscus 62 according to an embodiment of the 
invention. At step 70, the substrate 16 is put into a vacuum. At step 72, a filler 60 is printed 
onto the top of the meniscus 62. The printing process used may be the same process detailed 
in FIG. 5 for filling the vias 18 or may be another suitable process. At step 74, the substrate 
16 is then vented to atmosphere. Venting the substrate 16 to the atmosphere introduces an 
atmospheric pressure on the filler 60, which pushes down on the filler 60 in the meniscus 62 
and displaces any gap that might be in the meniscus 62 or via 18. 

At step 76, the substrate 16 is then fired such that the filler 60 in the meniscus 62 is 
hardened. Firing of the substrate also burns off any organics, solvents or other impurities. 
25 According to one embodiment of the present invention, if the filler 60 used is a fritless ink 

such as, for example, gold or platinum paste, the substrate 16 may be first fired at 300-400° C 
to burn off organics, solvents or other impurities. The substrate 16 may then subsequently be 
fired at 900-1000° C. At 900-1000° C, the filler 60 may sinter. The firing time may 
typically be a few hours for every firing cycle. After firing the filler 60 such that it sinters, 
30 the substrate 16 may be cooled such that the filler 60 hardens. Cooling must be done at a rate 
slow enough such that the substrate 16 does not crack, which would compromise the 
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hermeticity of the device. Steps 70-76 may be repeated as often as necessary to fill the 
meniscus 62 and the layers of filler 60 that extend above the substrate. A substrate 16 with a 
filled via 18 and a filled meniscus 62 may be seen in FIG. 6B. 

Returning again to FIG. 4, at step 40 the excess filler 60 that extends above the surface 
5 of the substrate 16 resulting from the filling of the vias 18 and the meniscus 62 is lapped off so 
that the filler 60 is even with the surface of the substrate. The filler 60 may be lapped off 
using tools and techniques that are common in the industry so long as the hermetic integrity of 
the substrate 16 is not compromised. A substrate 16 with excess filler 60 lapped off and 
hermetically sealed vias 18 is shown in FIG. 8. 
10 Thus, subsequent to step 40 in FIG. 4, a process according to embodiments of the 

Ml present invention has generated a substrate 16 that is hermetically sealed from one side to 
ml another. It should be understood at this point that the fabrication of the substrate 16 for 
■1 hermeticity is not limited to the process described in FIG. 4. Other steps or processes may be 
H introduced, or steps may be eliminated, without departing from the spirit and scope of 
■IB embodiments of the present invention. For example, depending on the type of filler 60 used to 

I fill the vias 18 and the meniscus 62, it may be possible to carry out the annealing steps and the 
firing steps at the same time. Other variations in the process are also possible while still 
maintaining the essence of embodiments of the present invention. 



20 applications. According to embodiments of the present invention, the substrate 16 may now 
be prepared to accept a sensing element on one side of the substrate and electronics on another 
side of the substrate 16. As before, the substrate 16 may be prepared using a variety of 
techniques, including, for example, thin film or thick film deposition processes. For purposes 
of illustration, and not by way of limitation, processes according to embodiments of the 

25 present invention will be described below using thin film deposition techniques. 

Electronics may be affixed to one side of the substrate 16 and may take a variety of 
forms. For example, the electronics may take the form of an integrated circuit (IC), such as, 
for example, an ASIC, a microcontroller, or a microprocessor. Alternatively, the electronics 
may take the form of discrete components. 



The substrate 16, with hermetically sealed vias 18, may be used for a variety of 
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In addition, a sensing element may be affixed to another side of the substrate 16. FIG. 
9 shows a process according to embodiments of the present invention for preparing one side of 
the substrate 16 to accept an IC and another side to accept a sensing element. 

At step 80, a side of the substrate 16 being prepared for an IC may have a metalization 
5 pattern applied to it using standard resist photolithography or other techniques common in the 
industry. This layer of metalization is the conductor that provides continuity from the portion 
of a via 18 on the sensing element side of the substrate 16 to a bonding pad on an IC side of 
the substrate 16. In practice, this layer may actually be two, three, or more layers. For 
example, the metalization layer may be a titanium-platinum layer. Alternatively, the 
10 metalization layer may be a titanium-platinum-titanium layer. The pattern may correspond to 

Ij the pins of the IC or may be some other pattern depending on the desired application. 
At step 82, aluminum pillars may be placed on top of the vias. A ceramic or other 
material mask may be laser drilled, punched or otherwise worked to form openings 
corresponding to the via pattern on the substrate. According to one embodiment of the present 
m invention, the openings may be 20-25 microns deep. The mask may then affixed to the 
M substrate on top of the metalization pattern applied during step 80. Aluminum is then 
H deposited through the openings to form pillars 20-25 microns high. Once the pillars have been 
H formed, the mask is removed, leaving the 20-25 micron aluminum pillars on top of the vias. 
f| A substrate 16 with aluminum pillars 100 formed on top of the vias 18 according to an 
20 embodiment of the present invention may be seen in FIG. 10A. 

After step 82, the entire substrate may be coated with an alumina coating at step 84. 
According to one embodiment of the present invention, the entire substrate may be put into a 
vacuum chamber and blanket coated with an alumina coating. A variety of processes may be 
used to blanket coat the substrate with alumina. For example, chemical vapor deposition 
25 (CVD), epitaxial deposition, sputtering or evaporation may be used to blanket coat the 

substrate with the alumina coating. Alternatively, ion beam assist deposition (IB AD) may be 
used. IBAD is a combination of two distinct operations: physical vapor deposition combined 
with bombarding the substrate surface with low energy ions. Bombarding the substrate 
surface with low energy ions allows for better adhesion and higher density of the alumina 
30 coating. 
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Using an IBAD process to coat the substrate with alumina gives pin-hole free layers of 
alumina, which enhances the overall hermeticity of the device. In other words, coating the 
substrate with alumina using the IBAD process prevents the transmission of vapor, moisture, 
fluids or other elements that would compromise the hermetic integrity of the device. 

5 According to one embodiment of the invention, the alumina coating may be 12 microns 

deep. Consequently, at the end of step 84, the substrate will have aluminum pillars rising 8-13 
microns above a 12 micron alumina sheet. A configuration according to this embodiment of 
the present invention may be seen in FIG. 10B. 

At step 86, the entire substrate, including the alumina coating and the aluminum 

10 pillars, is put into a dissolving solution such as, for example, ferric chloride (FeCh) or other 

(solution that is strong enough to dissolve the aluminum pillars but mild enough not to attack 
the alumina coating. Thus, after the aluminum pillars dissolve, the substrate will be covered 
with an alumina coating 12 microns high with recesses permitting access to the vias. This 
configuration may be seen in FIG. IOC. 
1 5 At step 88, the metalization layer supporting the IC and any other components being 

I affixed to the electronics side of the substrate may be applied. Any suitable metal may be 
applied using any suitable process. For example, a metalization using gold may be applied 
with a thin film process. The pattern may take a variety of shapes. For example, according to 
one embodiment of the invention, the pattern may resemble a "ring" or a "racetrack." In 
20 addition, the gold may fill the recesses created by the aluminum pillars that were previously 
dissolved. Hermeticity will generally not be required at this layer since the substrate has 
already, up to this point in the process according to embodiments of the present invention, 
been hermetically sealed. Accordingly, the metalization layer may be 6000 to 10000 
angstroms. Once this layer of metalization has been applied, the IC, and any other 
25 components, such as, for example, capacitors, may be wired bonded or otherwise connected to 
the pads. Additionally, any other component, such as a lid for the electronics, for example, 
may be affixed to the electronics side of the substrate subsequent to step 88. 

At step 90, a side of the substrate 16 being prepared for a sensing element may have a 
metalization pattern applied to it. A variety of techniques may be used to apply the 
30 metalization pattern. For example, a metalization pattern may be applied to the substrate 16 
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by etching it onto the substrate 16. Alternatively, a metalization pattern may be applied to the 
substrate 16 using common photoresist techniques. 

According to one embodiment of the invention, if common photoresist techniques are 
used, a photoresist may first be applied to the substrate. The photoresist may be a positive 
resist, which becomes soluble when light it interacts with light, or a negative resist, which 
becomes insoluble when it interacts with light. If a positive resist is used, a mask may be put 
over the photoresist and the mask and the photoresist may then be exposed to light. Thus, 
light going through openings on the mask solublizes the unmasked portions of the photoresist. 
The mask may then be washed off, and, consequently, the substrate will have a cured coating 
of photoresist where the unmasked photoresist was exposed to light. A photoresist 
corresponding to an electrode pattern according to one embodiment of the invention may be 
seen in FIG. 11. The electrodes have tie bars to provide a conductive path for electroplating. 
The working and counter electrodes are metalized. 

The cured photoresist may then be metalized using a variety of techniques. Any thin 
S film deposition technique may be used, such as, for example, sputtering. Thus, according to 

I one embodiment of the invention, the substrate may be put into a vacuum, then, first sputtered 
with a first metal, such as, for example, titanium, then sputtered with a second metal, such as, 
for example, platinum. Accordingly, a conductive layer may be placed between the vias and 
alumina caps in order to maintain electrical conductivity. 
20 The photoresist may then be washed away. For example, the photoresist may be put 

into an acetone ultrasonic bath. Thus, the phototresist that wasn't cured during exposure to 
light due to the mask will dissolve and the metal that was deposited on the uncured photoresist 
will be washed away. 

At step 92, caps may be placed over the via locations. Oxygen reduction occurs at the 
25 working electrodes and creates hydroxy 1 ions, thus creating an alkaline local environment. As 
the device operates, the hydroxy 1 ions attack the electrode/ via interface, which is initially 
hermetic but which can be broken down if the hydroxyl ions interact with the via for an 
extended period. Thus, to extend via life a cap is placed over the via to keep current from the 
electrochemical process of the hydroxyl ions from entering the via, thus extending via life and 
30 improving via reliability. In other words, caps may be used to prevent byproducts of detection 



15 



:LiUill3:e-i!:> i, i&, ,, .:!££ .3 .I/O 

U.S. Express Mail Label No!^26457574US ^^ey Docket No. 04771 1-0280 

electrochemistry from compromising via hermeticity by preventing corrosive attack of both the 
via and the annealed surfaces of a laser drilled opening. 

A variety of techniques may be used to place a cap over the vias. For example, 
alumina caps may be deposited over the via using an IB AD process. A shadow mask may be 
used during the process similar to the technique used to apply the aluminum pillars. Caps may 
be formed with a positive shadow mask, which may be used where alumina deposited through 
an aperture remains in place on a finished substrate. The cap position may be adjusted, i.e., 
it's length may be adjusted along the electrode, changing the configuration of the active 
electrodes to the windows. The sensitivity of the sensor can depend on the cap position, or the 
resulting position of the active electrode to the window. 

As an alternative to placing caps over vias, caps may be placed over electrodes to 
inhibit oxygen reduction at the electrodes. According to embodiments of the invention, caps 
placed over the vias or the electrodes may be about 18 microns in thickness. 

Once an electronics side of the substrate 16 and a sensing element side of the substrate 
16 has been prepared to accept electronics and a sensing element, respectively, electronics and 
a sensing element may be affixed to the substrate. A process for affixing an IC to the 
electronics side of the substrate 16 is shown in FIG. 12. 

At step 110, an IC may be epoxied to a rectangular pad in the center of the substrate. 
At step 111, the leads of the IC may be wired bonded to the gold pads earlier formed on the 
electronics side of the substrate. 

According to some embodiments of the invention, a capacitor may be used in 
connection with the IC. The capacitor may serve as a power supply instead of a battery and 
may be large enough to maintain a DC voltage in between pulses. If a capacitor is used, at 
step 112 a solder paste may be placed on the capacitor and the capacitor may be put into 
position on the substrate. 

At step 113, a layer of solder paste may be placed along the entire gold ring previously 
deposited on the electronics side of the substrate. At step 114, the entire substrate may be 
reflowed at temperature, including the solder paste deposited on the gold ring. The entire 
substrate may then be put through cleaning cycles at step 115 to remove residual material, 
such as flux residue from solder paste. 
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According to one embodiment of the invention, a lid may be placed over the 
electronics. At step 116, the lid may be held by a fixture over the substrate and the substrate 
may be baked to remove moisture. For example, the substrate may be baked at 150° C for 12 
hours at less than 1 torr to reduce moisture to 5000 ppm or less. 

At step 117, the lid may be soldered onto the substrate. The lid may be formed from a 
solid gold sheet, typically about 3 mils thick. It may also include a bathtub shaped lip. After 
the baking process of step 116, the lid and substrate may be put into a helium atmosphere 
(some helium, such as, for example, 1 atmosphere, may be left in the lid for reasons to be 
discussed below in connection with leak testing) with very low oxygen and very low moisture. 
Thus, because of the solderability of gold and the absence of any oxidation due to the low 
oxygen atmosphere, the lid may be soldered onto the electronics side of the substrate without 
using solder without flux. Consequently, no flux residue will exist on the substrate subsequent 
to soldering the lid to the substrate. The absence of any residue on the substrate is desirable 
because any residue may promote condensation or water vapor between IC pads, thus 
providing a leakage path. On an IC, there is typically only a .002-. 003 space between IC 
pads. Also, leakage currents should be kept less than 50 pico amps in order to be 
distinguishable from the currents generate by an electrochemical cell used as a sensing 
element. 

A process for forming a lid is shown in FIG. 13. In order to prevent the lid from 
tearing and developing holes, the grain of the material may be identified such that a blank may 
be properly cut and annealed. Thus, the proper malleability of the material may be achieved. 
The grain may be due to mechanical stress from a rolling process. Accordingly, at step 120, a 
grain of a material is identified. According to one embodiment of the invention, the longer 
dimension of the material is identified. At step 122, blanks squares or rectangles are cut from 
the material. The blanks may be annealed at step 124. At step 126, the blanks may be formed 
into the desired shape. 

If gold is the material used, step 126 is speed controlled because gold hardens very 
quickly. Also, if the form of the lid is to be a bathtub shape as described above, the lid may 
have a small flange to provide a good seal. The flange may be 4-5 mils thick, or a wider 
dimension than the thickness of the area of the electronics on the electronics side of the 
substrate (for example, the gold track on the substrate may be 4 mils wide). Thick, wide lid 
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walls may be used as an alternative to the flange. Also, the lid may have a small draft to 
allow a capacitor to be near its end. 

The substrate may be subjected to leak testing. Gross leak testing and fine leak testing 
may be performed. Leak testing may be performed in a variety of ways. For example, a 

5 process for performing a gross leak test according to an embodiment of the present invention 
is shown in FIG. 14. At step 130, the substrate may be put into a chamber. According to one 
embodiment of the invention, the chamber may have a recess for the substrate and a reservoir 
for a. leak test fluid, such as, for example, freon. At step 132, the leak test fluid is placed in 
the reservoir. At step 134, the chamber is pressurized with helium and the leak test fluid is 

10 poured into the recess. For example, the chamber may be pressurized at 150 psi (10 

I atmospheres) and kept at this level for 12 hours. At step 136, the pressure is released and the 
, fluid is observed for bubbles. An absence of bubbles indicates that there are no gross leaks in 
the substrate. 
After the gross leak test has been successfully performed, a fine leak test may be 
m performed. For example, a process for performing a fine leak test according to an 

I embodiment of the present invention may include putting the substrate into a vacuum chamber 
and observing helium leaks with a mass spectrometer. Helium exists in the lid previously 
attached to the electronics side of the substrate. Thus, any helium observed may indicate a 
fine leak in the substrate. 

20 Once a substrate has passed both a gross leak test and a fine leak test, the substrate may 

be put through a final electroplating and coating process. A process for electroplating and 
coating the substrate according to an embodiment of the present invention is shown in FIG. 
15. To describe the process according to the embodiment of the present invention shown in 
FIG. 15, the description will refer to a board of substrate material from which a plurality of 

25 substrates may be formed. 

At step 140, the board may be placed into a fixture for electroplating. At step 142, the 
electrodes may be electroplated with a metal. For example, a noble metal probe may be used 
to deposit a first solution of chloroplatinic acid onto the electrodes, i.e., platinum may be 
deposited onto the electrodes. This is typically called platinum blackening. According to one 

30 embodiment of the invention, four out of the five electrodes, i.e. , the first and second working 
electrodes and the first and second counter electrodes may be blackened with platinum. After 
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the electrodes have been blackened with platinum, the board may be rinsed at step 144. A 
variety of fluids may be used to rinse the board. 

At step 146, according to an embodiment of the present invention, the reference 
electrode may be silver plated using a silver plating solution. At step 148, the board may be 
5 rinsed again. 

At step 150, the board may be put into a solution, such as, for example, a dilute 
hydrochloric acid solution, to make an electrochemical reference. According to one 
embodiment of the present invention, the hydrochloric acid will react with the reference 
electrode and the counter electrodes, generating a potential difference between the reference 
10 electrode and the counter electrodes that may be used as a reference voltage. 

At step 152, the surface of the board that has been electroplated may be coated. A . 
m variety of techniques may be used to coat the surface of the board. For example, the surface 
H of the board may be spin coated using a polymer such as hydroxyethel methacholate (HEMA) 
■ or polyhydroxyethel methacholate (PHEMA). This coating may form the basis of an 
M electrolyte layer that defines how much oxygen may flow to an electrode. It may act like a 

I valve and may be flow insensitive such that the amount of oxygen flowing to the electrode 
remains substantially constant. 
At step 154, the coating may be cured using a photomask, such as a negative 
photoresist, and exposure to ultraviolet light. At step 156, a sterile bicarbonate buffer may be 
§6 dispensed onto the polymer. The buffer may be isotonic such that it inhibits communication 
with water and provides for an osmotic exchange. The buffer may also have sodium chloride 
in it such that it provides electrolytic properties to the polymer. According to an embodiment 
of the present invention, small drops may be placed onto the polymer such that the drops do 
not flow over the side of the board. The spaces between the drops may be filled in with more 
25 drops and the drops may soak into the polymer. 

At step 158, the board may be laser trimmed to remove all traces connecting the 
electrodes. Thus, subsequent to step 158, the electrodes will be separated. At step 160, the 
board may be coated again using any of a variety of techniques, such as spin coating, with an 
adhesion promoter, such as silane. 
30 At step 162, the coating applied at step 160 may be annealed so that the coating cures. 

At step 164, the board may be yet again coated^using any of a variety of techniques, such as 
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spin coating, with an insulating material, such as silicon rubber, and annealed again at step 
166. Steps 164 and 166 prevent fluid components, such as those that may be found in blood, 
from penetrating any circuitry on the substrate. In addition, using steps 164 and 166, electric 
currents remain within the boundaries of the substrate. 

Subsequent to step 166, the board is complete. The completed board may be separated 
into individual modules. For example, the completed board may be put onto a waxed glass 
plate and diced with a dicing saw to cut the individual modules. At step 166, leads that may 
extend to another device such as a pump or other electronics may be welded onto each 
module. Additionally, end caps or beads, which may be formed from molded silicon, may be 
placed at the end of each module. A finally assembled sensor substrate may be seen in FIG. 

16. According to one embodiment of the invention, ninety-four modules may be made from a 
board with dimensions two inches by two inches. 

A generalized process for fabricating a substrate according to another embodiment of 
the invention may be seen in FIG. 17. At step 170, vias may be formed on a substrate and the 

substrate may be annealed. The vias may be formed using laser drilling. The substrate may 

be a 92% -96% alumina substrate. 

At step 172 the vias may be filled and the substrate fired. The vias may be filled with 

a variety of conductive materials such as, for example, gold or platinum. In addition, the vias 

may be filled using a vacuum screen printing process. Step 172 may be repeated until the vias 

are filled. Once the vias are filled, they may be checked for hermeticity. 

At step 174, an electronics side of the substrate may be screen printed and conductors 

may be fired upon it. According to one embodiment of the invention, the conductors may be 

fired using platinum and a thick film process. 

At step 176, a photoresist may be patterned on the electronics side of the substrate. 

Next, at step 178, a metalization layer may be formed on the electronics side of the substrate. 

For example, titanium and platinum may be deposited on the electronics side of the substrate 

using a DC sputtering process. The photoresist may then be lifted from the substrate. 

At step 180, aluminum pillars may be deposited on the electronics side of the substrate. 

According to an embodiment of the invention, the aluminum pillars may be 30-micron pillars 

and may be deposited using a shadow mask and a vacuum evaporation technique. 
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At step 182, alumina may be deposited over the electronics side of the substrate. The 
alumina deposited may be an 18 micron layer over the entire side of the substrate and may be 
deposited using an ion beam assisted vacuum evaporation process. 

At step 184, the pillars deposited at step 180 may be removed using ferric chloride. At 
step 186, a photoresist may be patterned on top of the 18-micron layer of alumina. 

At step 188, another metalization layer may be placed on top of the alumina surface. 
According to an embodiment of the invention, titanium, platinum and gold may be deposited 
on top of the alumina surface using a DC sputtering process. The photoresist may then be 
lifted from the substrate. 

At step 190, a photoresist may be patterned on a sensing element side of the substrate. 
The sensing element side of the substrate may or may not be the same side as the electronics 
side of the substrate. At step 192, a metalization layer may be formed on the sensing element 
side of the substrate. According to one embodiment of the invention, titanium and platinum 
may be deposited on the sensing element side of the substrate using a DC sputtering process. 
The photoresist may then be lifted from the substrate. 

I At step 194, caps may be deposited over the vias. According to one embodiment of the 
invention, a shadow mask may be used to deposit 18-micron alumina caps over vias projected 
on the sensing element side of the substrate using an ion beam assisted vacuum evaporation 
technique. 

20 At step 196, unwanted metal existing on either the electronics side of the substrate or 

the sensing element side of the substrate may be removed. According to one embodiment of 
the invention, unwanted metal may be removed using a shadow mask and an ion mill etching 
process. 

As stated previously, according to an embodiment of the present invention, forming 
25 IBAD caps on an electrode side of the substrate may be done with a positive shadow mask. A 
positive shadow mask may be used where alumna deposited through an aperture remains in 
place on a finished substrate. A negative shadow mask may be used for applications where 
apertures or openings define regions which remain free of IBAD aluminum coatings. 
According to an embodiment of the invention, the use of positive and negative imaging of 
30 IBAD alumina along with screen-printing via filling and conductor application, and photo 
resist based thin film metalization creates a substrate possessing conductor and insulator 
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geometries along with materials properties which support chronic, continuous sensing 
applications and microelectronics packaging in harsh environments such as, for example, the 
blood stream. 

While particular embodiments of the present invention have been shown and described, 
5 it will be obvious to those skilled in the art that the invention is not limited to the particular 
embodiments shown and described and that changes and modifications may be made without 
departing from the spirit and scope of the appended claims. 
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